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Abstract

Suspected viral myocarditis is an important cause of cardiomyopathy that presents diag-
nostic and therapeutic challenges. One might say it is a disease of a thousand faces, still
challenging for diagnosis and treatment. There are still lot of controversies in the field of
myocarditis and questions to be answered. The exact incidence of myocarditis is difficult
to be estimated. Pathophysiology of the viral myocarditis is today well studied, but still
not elucidated in all stages. The clinical presentation of viral myocarditis varies from non-
specific electrocardiographic abnormalities and mild viral illness to acute hemodynamic
compromise and acute heart failure or even sudden cardiac death in case of diffuse
myocarditis. The initial evaluation should include electrocardiography, echocardiography,
and, if possible, contrast-enhanced cardiac MRI. Recent advances in the diagnosis of
myocarditis have centered on the development of newer technologies to more precisely
identification of the cardiac inflammation.

The treatment of viral myocarditis varies by clinical presentation. The most severe pres-
entation, acute heart failure, should be managed according to the current guidelines of the
ACCF/AHA/ESC and the Heart Failure Society of America. Extracorporeal membrane
oxygenation (ECMO) has also been used as a short-term bridge to transplant or recovery,
but usually in patients with sustained ventricular arrhythmias, in whom support with ven-
tricular assist devices would be less effective.

,,Srce moje samohrano,

ko te dozva u moj dom?
Neumorna pletisanko,

Sto pletivo pletes tanko
medju javom i med snom.*

Laza Kosti¢ (1841-1910)

INTRODUCTION

Viral myocarditis has been recognized as a cause of con-

tures are often nonspecific; second, practical serological
markers usually are not available during the acute phase of
the disease. The last, but not the least, is the fact that even
proper diagnosis cannot assure development of the severe
consequences, since still no clinically proven treatment
exists to inhibit the development of subsequent dilated car-
diomyopathy (DCM) and, in some cases of fulminant
myocarditis cases even death despite therapy.

gestive heart failure and dilatative cardiomyopathy (DCM)
for more than 50 years. One might say it is a disease of a
thousand faces, still challenging for diagnosis and treatment.
It is also an important cause of sudden cardiac death in
younger athletes: myocarditis is the reason for sudden car-
diac death in 5-22% of athletes < 35 years of age (1-3),
These facts suggest the high importance of early diagno-
sis and treatment, usually absent in everyday practice. There
are several reasons for delay in diagnosis and treatment of
viral myocarditis: first, the history as well as clinical fea-
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Definition and Diagnosis

Myocarditis is defined as inflammation of the heart mus-
cle — myocardium. The diagnosis may be established by
clinical or histopathologic criteria, although the gold stan-
dard for diagnosis has been the Dallas criteria based on
histopathology from an endomyocardial biopsy (4). The need
for an invasive procedure required to obtain a sample of the
myocardium and histopathologic analysis complicate practi-
cal clinical approach to the diagnosis and treatment.
Furthermore, the Dallas criteria are not any more sensitive
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for myocarditis since it has been shown that they do not con-
sider the presence of viral genome in the heart (5).

Besides viral infection, myocarditis can also be caused
by bacterial as well as spirochetal agents, mycotic disorders,
rickettsial diseases, protozoal diseases, helminthic agents,
cardiotoxins, causes of hypersensitivity reactions and sys-
temic disorders (©). However, the viral myocarditis is the
most common in the developed countries including Serbia.
There is a huge number of different viruses causing myo-
carditis. The most common viruses causing viral myocardi-
tis are listed in Table 1. Recent influence HIN1 pandemy
revealed that influenca HIN1 infection followed by severe
myocarditis has been reported mainly in children but some
studies implicated that it was not rare also in adults (7).

Viral agents commonly
causing myocarditis

Adenovirus
Arbovirus

Coxsackievirus B
Cytomegalovirus
Dengue virus
Echovirus
Epstein-Barr virus
Hepatitis C

9.  Herpesvirus

10. HIV

11. Influenza virus
12.  Mumps

13. Parvovirus B19
14. Poliomyelitis

XN R W=

15. Rabies
16. Rubella
17. Rubeola
18. Varicella
19. Variola

20. Yellow fever

Table 1. The most common viruses causing viral
myocarditis

Epidemiology

The exact incidence of myocarditis is difficult to be esti-
mated. The study of Fabre et al. (®) revealed myocarditis to
be the cause of sudden cardiac death in 8.6% of cases and it
was identified in up to 9% of routine postmortem examina-
tions. There are also some gender differences. Most studies
of myocarditis report a slight male predominance, suggest-
ing the important role of the estrogen hormones (%:10)
Enteroviruses have traditionally been linked to wviral
myocarditis, mainly due to the co-occurrence of increased
enterovirus titers and a clinical syndrome of acute heart fail-
ure (1) | In the era of new molecular techniques and inva-
sive, one could say, aggressive strategy in endomyocardial
tissue examination , many other viruses and viral co-infec-
tions have been recognized as the important cause of the
viral myocarditis (12.13),

Nowadays there are more than 30 viruses associated with
DCM. The prevalence of enteroviruses decreased after 1995,
followed by the increase in the prevalence of adenoviruses
(1), More recently, parvovirus B19 has been the most com-

monly detected viral genome in patients with severe
myocarditis (15:10) So, the pathogenic role of enteroviruses
in myocarditis and chronic DCM is well established.
Nevertheless, it can be said that there still some questions
about pathogenetic role of the parvovirus B19 in acute
myocarditis — there is a high prevalence of parvovirus B19
DNA in the heart of patients with no evidence of dilated car-
diomyopathy or myocarditis (17:18), There are also some spe-
cific virus distribution according to the different geographic
parts: in Japan, hepatitis C virus has been associated with
myocarditis, while influenza virus, cytomegalovirus, and
Epstein- Barr virus have been identified in some patients
with acute and chronic myocarditis (6).

Pathophysiology

Pathophysiology of the viral myocarditis is today well
studied, but still not elucidated in all stages. The myocarditis
characteristically develops after a lag period of several
weeks following the initial systemic infection, suggesting
the involment of immunological mechanisms.

Viremia is followed by cardiomyocyte infection. Viruses
enter cardiac myocytes and macrophages through specific
receptors, inciting a cytotoxic effect (19:20),

There are four phases of the viral myocarditis.In the first
phase, acute infection of cardiac myocytes results in myo-
cyte death and activation of the innate immune response,
including interferon gamma, natural killer cells, and nitric
oxide (21.22), Antigen-presenting cells phagocytize released
viral particles and cardiac proteins and migrate out of the
heart to regional lymph nodes. This is the most important
phase for the development of the consequences and further
DCM. Most of the patients recover, but few of them have
progression to a second phase - an adaptive immune res-
ponse. This response leads to the production of the antibod-
ies to viral proteins. This production is favourable for the pa-
tient. But, the problem lies in the changed immune response
and the production of the antibodies to some cardiac proteins
(including cardiac myosin or muscarinic receptors), fol-
lowed by effector T cells proliferation. Macrophages are
innate immune cells that play an important role in activation
of the immune response and wound healing. Viral infections
requiring Thl-type responses may induce M2 as a strategy
to evade the immune system. M2 are particularly efficient at
scavenging self tissues following injury through receptors
like the mannose receptor and scavenger receptor-A. Thus,
M2 may increase autoimmune disease by presenting self tis-
sue to T cells. M2 may also exacerbate immune complex
(IC)-mediated pathology and fibrosis, a hallmark of autoim-
mune disease in women, due to the release of profibrotic fac-
tors such as interleukin (IL)-14, transforming growth factor-
a, fibronectin and matrix metalloproteinases. Fairweather
and Cihakova (23) have found that M2 comprise anywhere
from 30% to 70% of the infiltrate during acute viral or
experimental autoimmune myocarditis and shifts in M2
populations correlate with increased IC-deposition, fibrosis
and chronic autoimmune pathology. Thus, women may be at
an increased risk of M2-mediated autoimmunity due to
estrogen’s ability to increase Th2 responses.

In the third phase, the immune response is down-regulat-
ed, and fibrosis replaces a cellular infiltrate in the myocardi-
um. In this phase the main problem is left ventricular remod-
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eling caused by the unpropriate neurohumoral stimulation
and hemodynamic stress: the both ventricles dilate (left ven-
tricle especially), the heart develops heart failure, leading to
the chronic dilatative cardiomyopathy. Viral genome may
persist in the heart or inflammatory mechanisms may persist
and contribute to ventricular dysfunction, or even both (24),

Some new investigations confess that myocarditis might
be a defect in central immune tolerance. Metzger et al.
showed that myocarditis is a T cell-mediated autoimmune
disease that occurs due to insufficient thymic negative selec-
tion of 4-myosin-reactive T cells 25). It is also well docu-
mented that some environmental conditions influence the
course of the viral myocarditis: selenium deficiency con-
tributes to the acute, subacute and also chronic myocarditis
in coxsackievirus-infected mice, by fostering the active
virus replication in the myocardial tissue, that shoul be kept
on mind in myocarditis prevention as well as in treating (26)

Clinical Presentation and Diagnosis

One could say myocarditis is a disease of a thousand
faces. Indeed, the clinical presentation of viral myocarditis
varies from nonspecific electrocardiographic abnormalities
and mild viral illness to acute hemodynamic compromise
and acute heart failure or even sudden cardiac death in case
of diffuse myocarditis (27). Development of the dilatative
cardiomyopathy is an important clinical problem, arising
after an initial episode of viral myocarditis, perhaps unrec-
ognized and forgotten (28), However, most of the patients are
quite asymptomatic, leading to the problem of myocarditis
missdiagnosis. Viral myocarditis may be particularly viru-
lent in infants and in pregnant women leading to sudden
acute heart failure (29-32), Sometimes, myocarditis is diag-
nosed as “by-stander” of some other manifested disease
(33.34), Tts focal presentation may mimic, but also trigger ( in
the case of coronaritis) acute myocardial infarction G4 .

Symptoms

The symptoms are nonspecific, including fatigue, dysp-
nea, palpitations and precordial discomfort (35:36), Most fre-
quent symptoms are: dyspnea (72%), chest pain ( 32%), and
arrhythmias ( 18%). (27). Chest pain usually reflects associ-
ated pericarditis, but precordial discomfort suggestive of
myocardial ischemia is occasionally observed (33:30). Acute
focal myocarditis mimics a diagnosis of myocardial infarc-
tion, with acute onset of chest pain, tachyarrhythmia, region-
al wall motion abnormalities or even sudden death (37-39),

Signs

Physical examination findings are variable and nonspe-
cific. The findings can include tachycardia, laterally dis-
placed point of maximal impulse, soft S1 sound, S3 or S4
gallop. Tachycardia is probably the most important sing or
“conditio sine qua non” in acute myocarditis, an characteris-
tically is out of proportion to the temperature elevation. A
transient apical systolic murmur may appear, as a conse-
quence of the functional mitral regurgitation (39:40),
Clinically proved congested heart failure can be seen in the
more severe cases (29:37). Pulmonary and systemic emboli
may occur in the most severe cases.
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Laboratory Findings

Inflammatory syndrome is positive, sedimentation rate
and CRP, in acute phase. Leucocytes are usually within
physiological ranges, sometimes with typical lymphocyte
predomination. CRP is frequently present in the myocardi-
um of patients suffering also from DCM and correlates with
C5b-9 and macrophages in myocardial tissue. Zimmermann
et al. suggest that CRP contributes to myocardial damage not
only in acute phase, but also in chronic myocardial inflam-
mation in DCM via activation of the complement system
and chemotaxis of macrophages (41:42),

Levels of cardiac biomarkers, including CK-MB, tro-
ponin I, and troponin T, are not always elevated, but its ele-
vation indicates myocardial damage and there is a strong
positive correlation between myocardial injury and their
level. Elevated troponin T levels were found just in 35% of
patients with suspected myocarditis providing a sensitivity
of 53%.30 The serum concentration of troponin I is
increased more frequently than that of CK-MB fractions in
patients with acute myocarditis (24).

Serological analyses of viral infection in suspected
myocarditis are still widely used, although convincing evi-
dence for their value is lacking (43). It is important to empha-
size that viruses rarely could be cultured from the heart tis-
sue of patients with fatal acute myocarditis. Mahfoud et al.
(43) proved that only in 5 out of 124 patients (4%), there was
serological evidence of an infection with the same virus that
was detected by EMB. Sensitivity and specificity of virus
serology were only 9 and 77%, respectively, the positive
predictive value 25% and the negative predictive value 49%.
It can be said that for patients with suspected myocarditis,
virus serology has no relevance for the diagnosis of myocar-
dial infection.

Electroocardiography

Electrocardiography may be quite normal or show non-
specific ST-T wave changes, ST elevation mimicking acute
myocardial infarction, or various degrees of blockade of the
atrioventricular node. The presence of Q waves or bundle
branch block is associated with large myocardial demage
and increased rates of heart transplant or death (9 44)
Complete AV block is a rare situation and usually transient,
resolving without sequelae, but, occasionally may be the
cause of the sudden death (45:46) | Intraventricular conduc-
tion abnormalities are associated with more severe myocar-
dial demage and a worse prognosis (45-47) |

Echocardiography

Echocardiography plays the crucial role in the non-inva-
sive diagnosis of the viral myocarditis. Echocardiography is
a non-invasive method, widely used and feasible method for
the quantification of the left ventricular dimensions, func-
tion and existence of the segmental and global hypokinesia.
Classic echocardiographic findings include global hypoki-
nesis with or without pericardial effusion (48). Decreased left
ventricular systolic function without segmental hypokinesia
and akinesia are highly indicative for myocarditis. Diastolic
dysfunction is also an important echocardiographic sign for
suspected myocarditis and sometimes it is the only, but very
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important echocardiographic sign, especially in younger
population. Echocardiography should also be used to rule
out other causes of heart failure, such as valvular, congeni-
tal, or amyloid heart disease.

Felker et al. 48) concluded that in there are almost nor-
mal LV diastolic dimension with significant detoriation of
the systolic function in fulminant myocarditis. Surprisingly,
right ventricular systolic function was found to be an inde-
pendent predictor of death or myocardial transplant in
patients with acute myocarditis (49). Left ventricular throm-
bi can be seen in the most severe cases, linked to highly
deteriorated left ventricular function (40),

Coronary Angyography

Coronary arteries imaging ( invasive or non-invasive) in
myocarditis reveals almost always normal coronary arteries,
although myocarditis may affect patients with coronary
artery disease, but the culprit lesion cannot be identified,
since the heart problems are not caused by compromitation
in coronary circulation. Coronary angiography (CA) is not
the first choice diagnostic tool in acute myocarditis. In
some patients there may be coexistence of myocarditis and
coronary artery disease (CAD). In these patients, with ST
elevation and high probability for CAD, CA could be done
in order to exclude underlying CAD. Recent development
of the multidetector computed tomography (MDCT) coro-
narography has introduced this fast and non-invasive diag-
nostic tool for diagnostic use in patients with ST elevation
and low probability for CAD.

New Diagnostic Technologies

Recent advances in the diagnosis of myocarditis have
centered on the development of newer technologies to more
precisely identification of the cardiac inflammation. An arti-
cle by Skouri et al. 59 reviewed noninvasive imaging stud-
ies for detecting myocardial inflammation. The importance
of noninvasive cardiac imaging is so important mainly due
to the low sensitivity of the Dallas criteria in histological
diagnosing of myocarditis. An estimated number of 17
endomyocardial biopsies is necessary to diagnose myocardi-
tis with 80% sensitivity, leading many experts to believe
there is a real need for practical noninvasive imaging studies
to aid in diagnosing and managing of the acute DCM (1)
.Cardiac MRI is very useful weapon in diagnosing of
myocarditis (52:53),

Newer techniques, including segmented inversion recov-
ery gradient echocardiography pulse sequences, have
improved contrast enhancement of the myocardium and
allowed visualization of small myocardial injuries, increas-
ing the sensitivity of detecting active myocarditis.
Mabhrholdt et al. found that contrast enhancement was pres-
ent in 88% of patients in a study of 32 patients with suspect-
ed myocarditis,, and biopsy samples from the area of
enhancement showed active acute or chronic myocarditis in
90% of patients (54). The overall study findings concluded
that focal myocardial gadolinium enhancement, coupled
with regional wall motion abnormalities on echocardiogra-
phy, yielded a positive predictive value of 71% and a nega-
tive predictive value of 100% (55,

Endomyocardial Biopsy

Histologic examination of heart tissue is required to con-
firm the diagnosis of myocarditis. However, endomyocar-
dial biopsy (EB) is an invasive procedure and its utility is
limited because of sampling error from patchy inflammato-
ry infiltrates and variability in observer interpretation (56) |
In a large case series, the sensitivity of endomyocardial
biopsy was only 35% compared to a clinical criterion stan-
dard that included recovery of myocardial function (7).
Immunostains for cell specific markers such as T lympho-
cytes (CD3) or macrophages (CD68) or human leukocyte
antigens have a sensitivity of up to 50%, which is much bet-
ter than routine histologic techniques. (58:59).This is also
very important in risk prediction: recent series suggest that
the presence of inflammation as defined by immunoperoxi-
dase stains may predict the subsequent risk of death or heart
transplant (16),

The presence of viral genomes in heart tissue from
patients with acute myocarditis may predict adverse events.
The absence of viral genomes in patients with chronic
myocarditis may identify a subset of patients who will res-
pond to a short course of immunosuppression (60:61) The cu-
rrent recommendations from an American College of
Cardiology Foundation/American Heart Association/
European Society of Cardiology (ACCF/AHA/ESC) scien-
tific statement support a limited role for EB in the evaluation
of patients with cardiomyopathy. The class I indications are
limited to patients with newonset heart failure (<2 weeks)
associated with a normal or dilated left ventricle with hemo-
dynamic compromise and to patients with new-onset heart
failure of 2 weeks to 3 months’ duration with a dilated left
ventricle, ventricular arrhythmia, or high degree atrioven-
tricular blockade or to patients whose condition fails to
respond to treatment in 1 to 2 weeks (62),

Treatment

The treatment of viral myocarditis varies by clinical
presentation. The most severe presentation, acute heart fail-
ure, should be managed according to the current guidelines
of the ACCF/AHA/ESC and the Heart Failure Society of
America (63-66) Experimental models of murine myocardi-
tis generally support the guideline based treatment recom-
mendations that apply to forms of noninflammatory DCM
and that have been studied in clinical trials. Hemo-
dynamically stable patients with DCM and symptomatic
heart failure may benefit from angiotensin-converting
enzyme inhibition or angiotensin receptor blockade. Trials
have shown that in euvolemic patients with DCM, beta-
adrenergic blockade may improve LV function, heart failure
symptoms, and decrease inflammation, with improvement in
survival. Patients with persistent heart failure symptoms
despite optimal management with angiotensin and adrener-
gic pathway inhibition may benefit from aldosterone antag-
onists, such as eplerenone or spironolactone. Diuretics
should be carefully used to optimize intravascular volume.
The use of anticoagulation is similar to that in patients with
non-ischemic DCM - it is usually indicated in the setting of
concomitant atrial fibrillation or arterial or venous throm-
boembolism. In patients with severe myocarditis and symp-
tomatic hypotension, parenteral inotropes, including phos-
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phodiesterase inhibitors (milrinone) or adrenergic agonists
(dobutamine or dopamine) may be required.

Despite maximal oral and parenteral medical therapy,
patients with the most severe form of acute myocarditis may
require mechanical circulatory support. Data from case
series suggest that ventricular assist devices may provide a
bridge to transplant or to recovery in patients with acute
myocarditis (67.68) Extracorporeal membrane oxygenation
(ECMO) has also been used as a short-term bridge to trans-
plant or recovery, but usually in patients with sustained ven-
tricular arrhythmias, in whom support with ventricular assist
devices would be less effective. In a case series, Chen et al.
reported that 80% of patients who received ECMO therapy
were bridged to recovery (69,

Because patients generally present days to weeks after
the initial viral infection, antiviral therapy has limited appli-
cability in patients with acute viral myocarditis. Also, the
sensitivity of endomyocardial biopsy for the diagnosis of
viral genomes in the myocardium has not been reported.
Nonetheless, antiviral agents have been evaluated for the
treatment of acute myocarditis in animal models and in a
few small case series. Ribavarin and interferon alpha
improved survival in mice with acute myocarditis when
administered at the time of virus inoculation (70:71), Antiviral
therapy cannot be recommended for the treatment of acute
myocarditis at this time; however, the role of antiviral ther-
apy for more chronic myocarditis associated with persistent
viral genomes is a matter of active clinical investigation.

A large body of experimental evidence suggests that
acute and some chronic myocardial injury in myocarditis is
due to an immune response involving T lymphocytes and
autoreactive antibodies. However, data from the few ran-
domized clinical trials suggest that on average patients with
acute myocarditis do not benefit from immunosuppression.
For example, the US Myocarditis Treatment Trial, in which
111 patients with histologically confirmed myocarditis
weremunosuppression and immunomodulation trials sug-
gested that a symptom duration of less than 6 months was
associated with a lack of active treatment benefit, and yet tri-
als of DCM in which patients had symptoms for more than
6 months were generally positive. The difference in response
was due largely to spontaneous improvement in the placebo
arm participants who had symptoms for less than 6 months
(72). In a trial of immunosuppression in patients with myo-
carditis and symptoms for more than 6 months, LVEF and
New York Heart Association functional class improved after
treatment with azathioprine and prednisone (73). In a recent
trial of patients who had chronic myocarditis, no viral
genomes, and symptomatic heart failure, treatment with aza-
thioprine and prednisone also improved cardiac function and
New York Heart Association functional class (60), After
recovery from acute myocarditis, patients should be cau-
tioned to refrain from aerobic activity for several months.
Timing of resumption of aerobic exercise should be guided
by the severity of acute injury and the degree of ongoing LV
systolic dysfunction. For patients with ongoing systolic dys-
function, counseling on lifestyle modifications is vital,
including a low-sodium diet, fluid restriction, and avoidance
of nonsteroidal anti-inflammatory medications.
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Prognosis and Outcome

The prognosis for patients with acute myocarditis varies.
It depends on clinical presentation, ejection fraction (EF),
and pulmonary artery pressure (7475). Surprisingly, several
studies suggest that patients with fulminant myocarditis and
hemodynamic compromise at presentation have better out-
comes, if they receive aggressive hemodynamic support
early, have better survival than some of those with acute
nonfulminant myocarditis (76-79). In a prospective study,
McCarthy et al. used clinical features to classify patients
with biopsy-proven myocarditis and found that 93% of those
with fulminant myocarditis were alive at 11-year follow-up
compared with 45% of those with acute nonfulminant
myocarditis (80).,

The results of these studies have shown the necessity of
early recognition of risk factors for fulminant myocarditis
and subsequent aggressive early hemodynamic support. Lee
et al. found that, in general, the group of patients with fulmi-
nant myocarditis and acute myocarditis had higher pulse
rates, lower blood pressure levels, higher C-reactive protein
levels, higher cardiac biomarker levels, wider QRS com-
plexes, and decreased LVEFs on admission compared with
the nonfulminant group and also the higher in-hospital mor-
tality rate 81), The results of other studies have shown excel-
lent long-term prognosis for patients who are treated with
aggressive hemodynamic support (82),

Several mechanisms have been identified by which ful-
minant myocarditis results in persistent LV dysfunction less
frequently than acute nonfulminant myocarditis (82). Kiihl et
al. postulated that persistence of viral genome leads to
chronic inflammation, thus diminishing the recovery of LV
function (13), They found that, in patients with clearance of
viral genome, EF improved from 50% to 58%, and in
patients with persistence of viral genome, EF decreased
from 54% to 51%, both findings are statistically significant.
These results underscore the importance of immunohisto-
chemical findings on endomyocardial biopsy that are sug-
gestive of chronic inflammation as a negative prognostic
indicator. In contrast with patients who have acute
myocarditis, patients who have evidence of chronic inflam-
mation may respond to immunomodulatory therapy. At the
end, it can be said that the prognosis in acute myocarditis is
generally good except in patients with giant cell myocardi-
tis, but persistent, chronic myocarditis usually has a progres-
sive course but may respond to mmunosuppression.

CONCLUSION

Suspected viral myocarditis is an important cause of car-
diomyopathy that presents diagnostic and therapeutic chal-
lenges. The initial evaluation should include electrocardiog-
raphy, echocardiography, and, if possible, contrast-enhanced
cardiac MRI. Patients with presentations suggestive of
ischemia should usually undergo coronary angiography if
they have high probability for coronary artery disease or
MDCT coronarography, in case of low probability for CAD.
Patients with ventricular tachycardia, hemodynamic insta-
bility, or high-grade AV block should be treated in coronary
care unit and usually endomyocardial biopsy should be
advised. Polymerase chain reaction techniques may facili-
tate precise viral genomic diagnosis, which may guide future
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therapies. Patients with a fulminant presentation should be
aggressively supported therapeutically because outcomes
are particularly favorable if they survive the initial injury.

All patients should receive standard heart failure care as
outlined in the ACC/AHA/ESC

guidelines. Ongoing trials of antiviral treatment such as
the use of interferon beta may lead to the use of specific
antiviral treatment in the future. Conversely, it is still yet not
clear if patients with chronic DCM and no evidence of viral
genome in the heart tissue may benefit from immunosup-

A recent viral infection should always be considered as a
cause of acute DCM, being mindful that the spectrum of
viruses that cause myocarditis continues to change. Cardiac
MRI is useful for diagnosing acute myocarditis. Finally,
endomyocardial biopsy is indicated in patients with hemo-
dynamic compromise, heart block, or ventricular tachycar-
dia or those whose condition fails to respond to standard
care.

pressive therapy.

Apstrakt

Virusni miokarditis moze biti akutnog, subakutnog i hroni¢nog toka. Akutni virusni
miokarditis je oboljenje najéesce asimptomatskog toka, ali moze biti pracen i nastankom
akutne sr¢ane insuficijencije, komplikovanim poremedajima sréanog ritma i sprovodjenja,
a retko, u najtezim slucajevima komplikovan je i nastankom iznenadne sré¢ane smrti. Rana
dijagnoza i terapija su vrlo vazne za tok i sprecavanje nastanka komplikacija, ali nespeci-
fi¢an tok ovog oboljenja Cesto usporava pravovremenu dijagnoszui terapiju. Fulmanantni
miokarditis, neoCeikavo, moze imati dobro prognozu ukoliko se pravovremeno primeni
mehanicka ventilacija i po potrebi ekstrakorporalna membranska oksigenacija, koja je vrlo
efikasna kod bolesnika sa malignim ventrikularnim poremecajima sréanog ritma.
Nazalost, jo§ uvek su nedevoljno jasni faktori spre¢avanja nastanka hroni¢nog miokarditi-
sa 1 dilatativne kardiomiopatije. U navedenom radu izloZeni su savremeni stavovi o dijag-

nozi i terapiji virusnog miokarditisa.

REFERENCES

1. Gupta S, Markham DW, Drazner MH,
Mammen PP. Fulminant myocarditis. Nat Clin
Pract Cardiovasc Med. 2008;5:693-706.

2. Peters NS, Poole-Wilson PA.
Myocarditis: continuing clinical and pathologic
confusion. Am Heart J. 1991;121:942-947.

3. Frick M, Pachinger O, Polzl G.
Myocarditis and sudden cardiac death in ath-
letes. Diagnosis, treatment, and
prevention.Herz. 2009;34(4):299-304.

4. Aretz HT, Billingham ME, Edwards WD,
Factor SM, Fallon JT, FenogliolJ Jr, et al.
Myocarditis: a histopathologic definition and
classification. Am J Cardiovasc Pathol.
1987;1:3-14.

5. Baughman KL. Diagnosis of myocardi-
tis: death of Dallas criteria. Circulation.
2006;113:593-595.

6. Schultz JC, Hilliard AA, Cooper LT Jr,
Rihal CS. Diagnosis and treatment of viral
myocarditis. Mayo Clin Proc.
2009;84(11):1001-9.

7. Liao YC, Hsieh YC, Chang WC, Huang
JL, Ting CT, Wu TJ. Fulminant myocarditis in
an adult with 2009 pandemic influenza A
(HINT influenza) infection. J Chin Med Assoc.
2011;74(3):130-3.

8. Fabre A, Sheppard MN. Sudden adult
death syndrome and other nonischaemic causes
of sudden cardiac death. Heart. 2006
Mar;92(3):316-320.

9. 9Magnani JW, Danik HJ, Dec GW Jr,
DiSalvo TG. Survival in biopsyproven
myocarditis: a long-term retrospective analysis

of the histopathologic, clinical, and hemody-
namic predictors. Am Heart J. 2006;151(2):463-
470.

10. Caforio AL, Calabrese F, Angelini A,
Tona F, Vinci A, Bottaro S, et al. A prospective
study of biopsy- proven myocarditis: prognostic
relevance of clinical and aetiopathogenetic fea-
tures at diagnosis. Eur Heart J. 2007
;28(11):1326-1333.

11. Feldman AM, McNamara D.
Myocarditis. N Engl J Med. 2000;343(19):
1388-1398.

12. Dec GW Ir, Palacios IF, Fallon JT,
Aretz HT, Mills J, Lee DC, et al. Active
myocarditis in the spectrum of acute dilated car-
diomyopathies: clinical features, histologic cor-
relates, and clinical outcome. N Engl J Med.
1985;312(14):885-890.

13. Kiihl U, Pauschinger M, Seeberg B,
Lassner D, Noutsias M, Poller W, et al. Viral
persistence in the myocardium is associated
with progressive cardiac dysfunction.
Circulation. 2005;112(13):1965-1970.

14. Bowles NE, Ni J, Kearney DL,
Pauschinger M, Schultheiss HP, McCarthy R, et
al. Detection of viruses in myocardial tissues by
polymerase chain reaction: evidence of aden-
ovirus as a common cause of myocarditis in
children and adults. J Am Coll Cardiol.
2003;42(3):466-472.

15. Mahrholdt H, Wagner A, Deluigi CC,
Kispert E, Hager S, Meinhardt G, et al.
Presentation, patterns of myocardial damage,
and clinical course of viral myocarditis.

Circulation. 2006 ;114(15):1581-1590.

16. Kindermann I, Kindermann M, Kandolf
R, Klingel K, Biiltmann B, Miiller T, et al.
Predictors of outcome in patients with suspected
myocarditis. Circulation. 2008;118(6):639-648.

17. Lotze U, Egerer R, Gliick B, Zell R,
Sigusch H, Erhardt C, et al. Low level myocar-
dial parvovirus B19 persistence is a frequent
finding in patients with heart disease but unre-
lated to ongoing myocardial injury.J Med Virol.
2010;82(8):1449-57.

18. Kuethe F, Lindner J, Matschke K,
Wenzel JJ, Norja P, Ploetze K, et al.Prevalence
of parvovirus B19 and human bocavirus DNA
in the heart of patients with no evidence of
dilated cardiomyopathy or myocarditis.Clin
Infect Dis. 2009;49(11):1660-6.

19. Klingel K, Stephan S, Sauter M, Zell R,
McManus BM, Biiltmann B, et al. Pathogenesis
of murine enterovirus myocarditis: virus dis-
semination and immune cell targets. J Virol.
1996;70(12):8888-8895.

20. Klingel K, Sauter M, Bock CT, Szalay
G, Schnorr JJ, Kandolf R. Molecular pathology
of inflammatory cardiomyopathy. Med icrobiol
Immunol. 2004 May;193(2-3):101-117.

21. Matsumori A, Yamada T, Suzuki H,
Matoba Y, Sasayama S. Increased circulating
cytokines in patients with myocarditis and car-
diomyopathy. Br Heart J. 1994;72(6):561-566.

22. Zaragoza C, Ocampo C, Saura M,
Leppo M, Wei XQ, Quick R, et al. The role of
inducible nitric oxide synthase in the host
response to coxsackievirus myocarditis. Proc

Aktuelne teme/ Current topics



Medicinska revija W[y Medical review

185

Natl Acad Sci U S A. 1998;95(5):2469-2474.

23. Fairweather D, Cihakova
D.Alternatively activated macrophages in infec-
tion and autoimmunity.J Autoimmun. 2009
;33(3-4):222-30.

24. Knowlton KU, Badorff C. The immune
system in viral myocarditis: maintaining the ba-
lance [editorial]. Circ Res. 1999;85(6):559-561.

25. Metzger TC, Anderson MS.
Myocarditis: a defect in central immune toler-
ance?J Clin Invest. 2011 Mar 23. pii: 57211.
doi: 10.1172/JC157211. SEpub ahead of printC

26. Jun EJ, Ye JS, Hwang IS, Kim YK, Lee
H. Selenium deficiency contributes to the
chronic myocarditis in coxsackievirus-infected
mice. Acta Virol. 2011;55(1):23-9.

27. Peters NS, Poole-Wilson PA.
Myocarditis--continuing clinical and pathologic
confusion.Am Heart J. 1991;121(3 Pt 1):942-7.

28. Mason JW, O’Connell JB, Herskowitz
A, Rose NR, McManus BM, Billingham ME, et
al. A clinical trial of immunosuppressive thera-
py for myocarditis. The Myocarditis Treatment
Trial Investigators.N Engl J Med. 1995 Aug
3;333(5):269-75.

29. Fett JD. Peripartum cardiomyopathy
may also present as “fulminant right ventricular
myocarditis”.Am J Emerg Med.
2010;28(9):1056; author reply 1056-7.

30. Cruz MO, Briller J, Hibbard JU.Update
on peripartum cardiomyopathy.Obstet Gynecol
Clin North Am. 2010; 37(2):283-303.

31. Nahum E, Dagan O, Lev A, Shukrun G,
Amir G, Frenkel G, et al. Favorable outcome of
pediatric fulminant myocarditis supported by
extracorporeal membranous oxygenation.Pediatr
Cardiol. 2010;31(7):1059-63.

32. Tavora F, Li L, Burke A.Sudden coro-
nary death in children.Cardiovasc Pathol.
2010;19(6):336-9.

33. Bechi F, Collini S, Lasagni D, Resti M,
Mannelli F.Severe rhabdomyolysis with
myocarditis in a 2-year-old child. Pediatr Emerg
Care. 2011;27(4):309-11.

34. Liapounova NA, Mouquet F, Ennezat
PV. Acute myocardial infarction spurred by
myopericarditis in a young female patient:
Coxsackie B2 to blame.Acta Cardiol.
2011;66(1):79-81.

35. Strauer BE, Kandolf R, Mall G,
Maisch B, Mertens T, Figulla HR, et al. Update
2001. Myocarditis—cardiomyopathy. Med Klin
(Munich). 2001;96(10):608-25.

36. Doan D, Rungta S, Vikraman N,
Rosman H.Fulminant Coxsackie B myocarditis
mimicking acute coronary artery occlusion.Tex
Heart Inst J. 2010;37(4):500-1.

37. Hufnagel G, Pankuweit S, Richter A,
Schonian U, Maisch B. The European Study of
Epidemiology and Treatment of Cardiac
Inflammatory Diseases (ESETCID): first epi-
demiological results. Herz. 2000;25(3):279-285.

38. Dec GW Jr, Waldman H, Southern J,
Fallon JT, Hutter AM Jr, Palacios I. Viral
myocarditis mimicking acute myocardial infarc-
tion. J Am Coll Cardiol. 1992;20(1):85-89.

39. Kiihl U, Pauschinger M, Bock T,
Klingel K, Schwimmbeck CP, Seeberg B, et al.
Parvovirus B19 infection mimicking acute
myocardial infarction.Circulation.
2003;108(8):945-50.

40. Braunwald E. Heart Disease — A text-
book of Cardiovascular medicine. 7 th Ed,
2005. W. B. Saunders Company, Philadelphia.

41. Zimmermann O, Bienek-Ziolkowski M,
Wolf B, Vetter M, Baur R, Mailédnder V, et al.
Myocardial inflammation and non-ischaemic

Zdravkovié M. MD-Medical Data 2011;3(2): 179-186

heart failure: is there a role for C-reactive pro-
tein? Basic Res Cardiol. 2009;104(5):591-9.

42. Lauer B, Niederau C, Kiihl U,
Schannwell M, Pauschinger M, Strauer BE, et
al. Cardiac troponin T in patients with clinically
suspected myocarditis. J Am Coll
Cardiol.1997;30(5):1354-1359.

43. Mahfoud F, Girtner B, Kindermann M,
Ukena C, Gadomski K, Klingel K, et al. Virus
serology in patients with suspected myocarditis:
utility or futility? Eur Heart J. 2011;32(7):897-
903.

44. Morgera T, Di Lenarda A, Dreas L,
Pinamonti B, Humar F, Bussani R, et al.
Electrocardiography of myocarditis revisited:
clinical and prognostic significance of electro-
cardiographic changes. Am Heart J.
1992;124(2):455-467.

45. Nakashima H, Honda Y, Katayama T.
Serial electrocardiographic findings in acute
myocarditis. Intern Med. 1994;33(11):659-66.

46. Dalzell JR, Jackson CE, Gardner RS.
Masquerade: fulminant viral myocarditis mim-
icking a Q-wave anterolateral myocardial
infarction.Am J Med. 2009;122(6):e3-4.

47. Matsuura H, Palacios IF, Dec GW,
Fallon JT, Garan H, Ruskin JN, et
al.Intraventricular conduction abnormalities in
patients with clinically suspected myocarditis
are associated with myocardial necrosis.Am
Heart J. 1994;127(5):1290-7.

48. Felker GM, Boehmer JP, Hruban RH,
Hutchins GM, Kasper EK, Baughman KL, et al.
Echocardiographic findings in fulminant and
acute myocarditis. J Am Coll Cardiol. 2000;
36(1):227-232.

49. Mendes LA, Picard MH, Dec GW,
Hartz VL, Palacios IF, Davidoff R. Ventricular
remodeling in active myocarditis: Myocarditis
Treatment Trial. Am Heart J. 1999;138(2, pt
1):303-308.

50. Skouri HN, Dec GW, Friedrich MG,
Cooper LT. Noninvasive imaging in myocardi-
tis. J Am Coll Cardiol. 2006; 48(10):2085-2093.

51. Hauck AJ, Kearney DL, Edwards WD.
Evaluation of postmortem endomyocardial
biopsy specimens from 38 patients with lym-
phocytic myocarditis: implications for role of
sampling error. Mayo Clin Proc. 1989;
64(10):1235-1245.

52. Friedrich MG, Sechtem U, Schulz-
Menger J, Holmvang G, Alakija P, Cooper LT,
et al; International Consensus Group on
Cardiovascular Magnetic Resonance in
Myocarditis. Cardiovascular magnetic reso-
nance in myocarditis: a JACC white paper. J
Am Coll Cardiol. 2009;53(17):1475-1487.

53. Steen H, Madadi-Schroeder M, Lehrke
S, Lossnitzer D, Giannitsis E, Katus HA. Staged
cardiovascular magnetic resonance for differen-
tial diagnosis of troponin T positive patients
with low likelihood for acute coronary syn-
drome.J Cardiovasc Magn Reson. 2010;12:51.

54. Mabhrholdt H, Goedecke C, Wagner A,
Meinhardt G, Athanasiadis A, Vogelsberg H, et
al. Cardiovascular magnetic resonance assess-
ment of human myocarditis: a comparison to
histology and molecular pathology. Circulation.
2004;109(10):1250-1258.

55. Mavrogeni S, Bratis C, Kitsiou A,
Kolovou G, Manoussakis MN, Papadopoulou E,
et al. CMR Assessment of Myocarditis in
Patients With Cardiac Symptoms During HIN1
Viral Infection. JACC Cardiovasc Imaging.
2011;4(3):307-9.

56. Baughman KL. Diagnosis of myocardi-
tis: Death of Dallas criteria. Circulation.

2006;113(4):593-595.

57. Narula J, Khaw BA, Dec GW, Palacios
IF, Newell JB, Southern JF et al. Diagnostic
accuracy of antimyosin scintigraphy in suspect-
ed myocarditis. J Nucl Cardiol. 1996;3(5):371-
381.

58. Maisch B, Portig I, Ristic A, Hufnagel
G, Pankuweit S. Definition of inflammatory
cardiomyopathy (myocarditis): on the way to
consensus: a status report. Herz. 2000;
25(3):200-2009.

59. Herskowitz A, Ahmed-Ansari A,
Neumann DA, Beschorner WE, Rose NR, Soule
LM, et al. Induction of major histocompatibility
complex antigens within the myocardium of
patients with active myocarditis: a nonhistologic
marker of myocarditis. J Am Coll Cardiol.
1990;15(3):624-632.

60. Cooper LT. The heat is off: immunosup-
pression for myocarditis revisited. Eur Heart J.
2009; 30(16):1936-1939.

61. Frustaci A, Russo MA, Chimenti C.
Randomized study on the efficacy of immuno-
suppressive therapy in patients with virus-nega-
tive inflammatory cardiomyopathy: the TIMIC
study. Eur Heart J. 2009;30(16):1995-2002.

62. Cooper LT, Baughman KL, Feldman
AM, Frustaci A, Jessup M, Kuhl U, et al. The
role of endomyocardial biopsy in the manage-
ment of cardiovascular disease: a scientific
statement from the American Heart Association,
the American College of Cardiology, and the
European Society of Cardiology. Eur Heart J.
2007;28(24):3076-3093.

63. ACC/AHA 2005 guideline update for
the diagnosis and management of chronic heart
failure in the adult: a report of the American
College of Cardiology/ American Heart
Association Task Force on Practice Guidelines
(Writing Committee to Update the 2001
Guidelines for the Evaluation and Management
of Heart Failure). J] Am Coll Cardiol.
2005;46(6):e1-e82.

64. Heart Failure Society of America.
Executive summary: HFSA 2006 comprehen-
sive heart failure practice guideline. J Card Fail.
2006;12(1):10-38.

65. Swedberg K, Cleland J, Dargie H,
Drexler H, Follath F, Komajda M,, et al.
Guidelines for the diagnosis and treatment of
chronic heart failure: executive summary
(update 2005): The Task Force for the
Diagnosis and Treatment of Chronic Heart
Failure of the European Society of Cardiology..
Eur Heart J. 2005;26(11):1115-1140.

66. Jessup M, Abraham WT, Casey DE,
Feldman AM, Francis GS, Ganiats TG, et al;
2009 focused update: ACCF/AHA Guidelines
for the Diagnosis and Management of Heart
Failure in Adults: a report of the American
College of Cardiology Foundation/American
Heart Association Task Force on Practice
Guidelines: developed in collaboration with the
International Society for Heart and Lung
Transplantation. Circulation. 2009;119:1977-
2016.

67. Martin J, Sarai K, Schindler M, van de
Loo A, Yoshitake M, Beyersdorf F. MEDOS
HIA-VAD biventricular assist device for bridge
to recovery in fulminant myocarditis. Ann
Thorac Surg. 1997; 63(4):1145-1146.

68. Bohn D, Macrae D, Chang AC. Acute
viral myocarditis: mechanical circulatory sup-
port. Pediatr Crit Care Med. 2006;
7(6)(suppl):S22-S24.

69. Chen YS, Wang MJ, Chou NK, Han
YY, Chiu IS, Lin FY, et al. Rescue for acute




186

MD MEDICAL DATA Vol.3 NO2 / Juni 2011.

myocarditis with shock by extracorporeal mem-
brane oxygenation. Ann Thorac Surg.1999;
68(6):2220-2224

70. Matsumori A, Crumpacker CS,
Abelmann WH. Prevention of viral myocarditis
with recombinant human leukocyte interferon
alpha A/D in a murine model. J Am Coll
Cardiol. 1987; 9(6):1320-1325.

71. Okada I, Matsumori A, Matoba Y,
Tominaga M, Yamada T, Kawai C. Combination
treatment with ribavarin and interferon for cox-
sackie B3 replication. J Lab Clin Med.
1992;120(4):569-573.

72. Stanton C, Mookadam F, Cha S,
McNamara D, Aukrust P, Wojnicz R, et al.
Greater symptom duration predicts response to
immunomodulatory therapy in dilated car-
diomyopathy. Int J Cardiol.2008; 128(1):38.

73. Wojnicz R, Nowalany-Kozielska E,
Wojciechowska C, Glanowska G, Wilczewski P,
Niklewski T, et al. Randomized,placebo-con-
trolled study for immunosuppressive treatment
of inflammatory dilated cardiomyopathy: two-
year follow-up results. Circulation. 2001;
104(1):39-45.

74. Maron BJ, Ackerman MJ, Nishimura
RA, Pyeritz RE, Towbin JA, Udelson JE. Task
Force 4: HCM and other cardiomyopathies,
mitral valve prolapse, myocarditis, and Marfan
syndrome. J Am Coll Cardiol. 2005;45(8):
1340-1345.

75. Wein M, Banach R, Wolf-Piitz A,
Skutta B, Strauer BE, Klein RM.Value of car-
diovascular magnetic resonance in acute
myocarditis.Dtsch Med Wochenschr.
2008;133(3):87-91.

76. Magnani JW, Danik HJ, Dec GW Jr,
DiSalvo TG. Survival in biopsy- proven
myocarditis: a long-term retrospective analysis
of the histopathologic, clinical, and hemody-
namic predictors. Am Heart J. 2006;151( 2):
463-470.

77. Rockman HA, Adamson RM,
Dembitsky WP, Bonar JW, Jaski BE. Acute ful-
minant myocarditis: long-term follow-up after
circulatory support with left ventricular assist
device. Am Heart J. 1991;121(3, pt 1):922- 926.

78. Chang AC, Hanley FL, Weindling SN,
Wernovsky G, Wessel DL. Left heart support
with a ventricular assist device in an infant with

The paper was received and accepted on 20.04.2011.

acute myocarditis. Crit Care Med.
1992;20(5):712-715.

79. Amabile N, Fraisse A, Bouvenot J,
Chetaille P, Ovaert C. Outcome of acute fulmi-
nant myocarditis in children. Heart. 2006
Sep;92(9):1269-1273.

80. Asaumi Y, Yasuda S, Morii I, Kakuchi
H, Otsuka Y, Kawamura A, et al. Favourable
clinical outcome in patients with cardiogenic
shock due to fulminant myocarditis supported
by percutaneous extracorporeal membrane oxy-
genation. Eur Heart J. 2005 Oct; 26(20):2185-
2192.

81. McCarthy RE 3rd, Boehmer JP, Hruban
RH, Hutchins GM, Kasper EK, et al. Long-term
outcome of fulminant myocarditis as compared
with acute (nonfulminant) myocarditis. N Engl J
Med. 2000;342(10):690-695.

82. Lee CH, Tsai WC, Hsu CH, Liu PY, Lin
LJ, Chen JH. Predictive factors of a fulminant
course in acute myocarditis . Int J Cardiol.
2006;109(1):142-145.



